Seventeen of a series of 70 patients with coarctation of the pulmonary artery underwent serial cardiac catheterizations from 2.0 to 12.4 years apart. Main pulmonary artery pressures were measured in all patients, and the values from each study were compared. A change in pressure in the main pulmonary artery was considered to reflect a change in the distal pulmonary artery obstruction. Seven patients with no other associated cardiac defects, four with associated pulmonary valve disease, and six with associated left-to-right shunts all demonstrated little change in main pulmonary artery pressures between the two studies. These data substantiate the observation that pulmonary artery coarctations represent a nonprogressive form of congenital heart disease in which the severity of obstruction to pulmonary blood flow does not increase with age.
SUMMARY
Seventeen of a series of 70 patients with coarctation of the pulmonary artery underwent serial cardiac catheterizations from 2.0 to 12.4 years apart. Main pulmonary artery pressures were measured in all patients, and the values from each study were compared. A change in pressure in the main pulmonary artery was considered to reflect a change in the distal pulmonary artery obstruction. Seven patients with no other associated cardiac defects, four with associated pulmonary valve disease, and six with associated left-to-right shunts all demonstrated little change in main pulmonary artery pressures between the two studies. These data substantiate the observation that pulmonary artery coarctations represent a nonprogressive form of congenital heart disease in which the severity of obstruction to pulmonary blood flow does not increase with age.
Additional Indexing Words:
Congenital heart disease Congenital ru S INCE pulmonary artery coaretations were first described by Mangers' in 1802, this entity has been recognized with increasing frequency. By 1965, McCue and associates2 were able to review 319 cases from the literature and add 20 of their own. More recent interest in this problem has been stimulated by the recognition of its frequent association with congenital rubella. Since the rubella epidemic of 1964 in the United States, many children have been seen with the rubella syndrome and the combination of patent ductus arteriosus, valvular pulmonic stenosis, and pulmonary artery coarctation.35
Many reports giving detailed descriptions of the clinical findings, cardiac catheterization data, and the angiographic appearance of these patients are available.6-10 Little, however, is known about the natural history of these lesions. During the past 10 years, 70 patients with pulmonary artery coarctation have been seen at the Medical College of Virginia. Twenty of these patients have been previously reported. 2 The purpose of this report is to review the hemodynamic findings in 17 of these patients who underwent serial cardiac catheterizations an average of 5.5 years apart.
Methods

Seventy patients between the ages of 1 and 47
years with pulmonary artery coarctations were seen at the Medical College of Virginia from July 1960 to July 1970. Seventeen of these patients between the ages of 2 and 37 years underwent serial evaluations an average of 5. 5 Cla.ssificatioii of 1)tlililoiiatX, artery! coarctatiotis according to Gall, Franich, Shn ford, and Rogers.
(Repriinted frnm Gayl et al.,.12 by perniission.)
pressur.e tracinigs were recorded as a catheteriwas withdirawn fr-om a peripheral pulmonary artery inlto the Imiaini puilmoioarv artery. A peak systolic pressure difference of 15 mimi Hg was considered evidenice of signiificait hemodynaamic obstruction. Selective anigiograms wer e donie in all patients after inijectioni of 76% meglumine dliatrizoate (1.3 to 1.5 ml/kg) inlto the riglit velitricle or maiin ptnlmonarv artery; for 67 patients a biplane Schonianider filminig technlic was uised, aind for thlree cineanigiogr-aphy in the aniter-oposterior projectioli. Pulmoniarv and systemic blood flow?.s Circ lation, Volume XLV, February 1972 were calcnllated bv standard metlho(ls from oxygeni samples obtainied at catlheter izationi andl asstimed oxy gen conlsuImlptioIn values.'1 All paitienits were in a postabsorptive state, an(l those iniider 12 vears of age r-eceived pi.enmedicatioii with a sedative mixtture conitaiiniiig meperidilne lydrochloride, 16.6 mg, proomethaizine lhvdr ochllor.ide, 8.3 mg, aind chlorprornazine. 8.3 nmg/mIl. This wvas adminiiiistered intrarnuscularly in a dose of 1 nl 20 b11). In additioni, secobarbital. 1 img/lb) was gi'ven initraima.usctilarly. The patients were divided into four an-atomic types according to the classification of Gay and associates12 ( fig. 1 ). The distribution of lesions found in our cases is listed in tables 1 to 3.
Results
The 17 patients who underwent serial right heart catheterizations were divided into three groups according to the presence of associated cardiac defects. Main pulmonary artery pressures were measured in all patients, and the values from each catheterization were compared. A change in pressure in the main pulmonary artery was considered to reflect a change in the distal pulmonary artery obstruction if pulmonary blood flow did not differ significantly between the two studies.
There were seven patients included in group 1 who had no associated cardiac defects at the time of their serial studies. Two right heart catheterizations were performed in each case. The time interval between studies ranged from 4.0 to 12.4 years. The hemodynamic findings are summarized in table 1. One patient (case 7) had had a patent ductus arteriosus ligated 3 years before his first catheterization. Another (case 4) has congeni- : C; X C, tal rubella. Two brothers (cases 6 and 7) are the only siblings in our series. At the time of their two studies, little variation was noted in main pulmonary artery pressures in these seven patients. One patient (case 1) had a minimal increase of 10 mm Hg; two (cases 2 and 3) had no change; and four (cases 4 to 7) all had decreases in systolic pressures in the main pulmonary artery. This decrease ranged from 11 to 25 mm Hg. The pulmonary blood flow remained remarkably similar in each case. Angiocardiograms in this group of patients showed no change in the anatomic location of the pulmonary artery lesions. Four patients (cases 8 to 11) with associated pulmonary valve disease are included in group 2 (table 2) . Their serial catheterizations were carried out 4.0 to 5.7 years apart. The first three patients with valvular pulmonic stenosis (cases 8 to 10, table 2) are listed separately because of the potential difference in their natural history due to obstruction proximal to the pulmonary arterial gradients. The fourth patient (case 11) had tetralogy of Fallot and had undergone total correction 1.5 years before the first catheterization included in this study. He currently has marked pulmonary insufficiency. One patient (case 1) has cerebral palsy probably secondary to anoxia at the time of birth, and two (cases 9 and 10) have congenital rubella. All three of these patients are mentally retarded. Patient 8 had a 10-mm Hg increase in the systolic gradient at the pulmonary valve between the two studies. Patient 9 showed a marked increase of 80 mm Hg at this same level. These two patients, however, had little change in the main pulmonary artery pressures or peripheral arterial gradients. Patient 10 showed no change in the valvular systolic gradient but had a decrease in main pulmonary artery systolic pressure of 25 mm Hg. Again, pulmonary blood flow remained remarkably similar in all cases. Group 3 (table 3) comprises six patients with associated left-to-right shunts: atrial septal defect of the secundum type in three, patent ductus arteriosus in two, and ventricular septal defect in one. Serial studies were Four patients (cases 14 to 17) had their shunts closed surgically before their second catheterizations. Three (cases 13, 16, and 17) had a decrease in pulmonary blood flow between the two studies and three (cases 12, 14, and 15) had an increase. All patients, however, showed a decrease in systolic pressure in the main pulmonary artery ranging from 5 to 49 mm Hg. One patient (case 14) had the greatest decrease in main pulmonary artery systolic pressure in our series (49 mm Hg) in the presence of an increase in pulmonary blood flow from 4.4 to 6.7 liters/min/m .
Discussion
Despite the increasing interest in pulmonary artery coarctation, little information is available regarding the natural history of these lesions. Hartmann and co-workers', reported the results of serial cardiac catheterizations in five patients who were between the ages of 20 months and 10.5 years and had pulmonary artery coarctations and no associated cardiac defects. Right ventricular pressures were compared between the two studies. They found that the trend in right ventricular systolic pressures was downward or showed no significant change. Serial angiocardiograms for these same patients indicated that the cross-sectional area of the stenotic sites grew but did not become relatively more severe. Boiteau and associates14 described one similar patient studied when 14 months, 4 years, and 6 years 8 months of age. Right ventricular systolic pressures decreased from 72 to 38 mm Hg over this time interval.
The seven cases comprising group 1 in our series are comparable to these reported cases. The systolic pressure in the main pulmonary artery showed no significant change in three cases and a decrease in four. These data indicate little change in the hemodynamic state of our patients and support the observations of Hartmann's group.
No reported series of patients could be found who were comparable to the cases in group 2. Although the presence of valvular obstruction proximal to the pulmonary arterial gradients or severe pulmonary regurgitation might be expected to alter the natural history of the pulmonary artery coarctation, the hemodynamic data show little change in the systolic pressures in the main pulmonary artery. The trend of the main pulmonary artery pressure, therefore, is similar to that in group 1. Weinberg and associates15 reported one case of pulmonary artery coaretation with an associated ventricular septal defect studied when the patient was 2 months, 2 years, and 5 years of age. The main pulmonary artery systolic pressure in this child increased from 17 to 42 mm Hg in spite of a decrease in the pulmonary-to-systemic blood flow ratio from 2:1 to 1.3:1. Absolute values for pulmonary blood flow, however, are not given. Rowe3 reported on two similar patients with associated left-to-right shunts (one with a ventricular septal defect and one with an atrial septal defect) who underwent cardiac catheterization 7 and 9 years apart. No appreciable change in their hemodynamic data was noted.
These three reported cases are comparable to patients 12 and 13 in group 3 of our series. The trend in main pulmonary artery systolic pressure in these cases was downward. Cases 14 to 17 in this group are comparable to a second case of pulmonary artery coarctations reported by Weinberg and associates15} in which an associated ventricular septal defect was closed surgically at 2 years of age. Catheterization studies were done immediately prior to surgery and 1 year after operation. The main pulmonary arterv systolic pressure in this patient decreased fronn 70 to 38 mm Hg with a reduction in the pulmonary-to-systemic blood flow ratio from 3.3:1 to 1:1. All of our cases showed a decrease in systolic pressure in the main pulmonary artery between the two studies. Pulmonary blood flow decreased in three cases and increased in three. Conclusions about the natural history in these patients with associated left-to-right shunts are less easily drawn, especially in those in whom pulmonary blood flow decreased significantly after closure of their shunts. The trend Cfrcula/ion, Volume XLV, February 1972 4l08 PULMONARY ARTERY COARCTATIONS in main pulmonary artery pressure in all patients, however, was downward. These data would, therefore, substantiate the observations derived from the cases in group 1.
A larger number of patients undergoing serial cardiac catheterization for evaluation of pulmonary artery coarctations will be necessary before the natural history of this lesion is as well defined as it is for many of the more common congenital heart defects. The hemodynamic data presented herein, however, support the observation that pulmonary artery coarctations represent a nonprogressive form of congenital heart disease in which the severity of the obstruction to pulmonary blood flow does not increase with age.
